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Atmospheric showers are initiated when primary cosmic rays hit the Earth's atmosphere. Secondary mesons produced in this collision, mostly pions and kaons, decay and give rise to electron and muon neutrino and anti-neutrinos fluxes [1] . In the past Fréjus and NUSEX [2] reported a R-value (R = (µ/e) data /(µ/e) MC ) consistent with one, therefore other detectors like Kamiokande, IMB and Soudan-2 [3] have measured R significantly smaller than unity. Recent Super-Kamiokande high statistics observations [4] indicate that the deficit in the ratio R is due to the number of neutrinos arriving to the detector at large zenith angles.
The main aim of this talk is to compare the active-active and active-sterile neutrinos oscillation channels to the atmospheric neutrino anomaly using the the new sample of 33.0 kt-yr of Super-Kamiokande data. This analysis uses the latest improved calculations of the atmospheric neutrino fluxes as a function of zenith angle, taking into account a variable neutrino production point [5] .
The expected neutrino event number both in the absence and the presence of oscillations can be written as: 
and P αβ is the transition probability for ν α → ν β , P αβ ≡ P (E ν , cos θ ν , h), where α, β = µ, e. In the case of no oscillations, P αα = 1 for all α.
Here n t is the number of targets, T is the experiment's running time, E ν is the neutrino energy and Φ α is the flux of atmospheric neutrinos of type α; E β is the final charged lepton energy and ε(E β ) is the detection efficiency for such charged lepton; σ is the neutrino-nucleon interaction cross section, and θ ν is the zenith angle; h is the slant distance and κ α is slant distance distribution [5] .
We assume a two-flavor oscillation scenario, i. e. the ν µ oscillates into another flavour either ν µ → ν e , ν µ → ν s or ν µ → ν τ [6] . The evolution equations of the ν µ − ν X system (where X = e, τ or s sterile) in the matter is
If ∆m 2 > 0 (∆m 2 < 0) the neutrino with largest muon-like component is heavier (lighter) than the one with largest X-like component. The functions V X are the usual matter potentials. In order to obtain the oscillation probabilities P αβ we have made a numerical integration of the evolution equation. Notice that for the ν µ → ν τ case there is no matter effect while for the ν µ → ν s case we have two possibilities depending on the sign of ∆m 2 . Figure 1 . Angular distribution for SuperKamiokande electron-like and muon-like sub-GeV and multi-GeV events, together with the prediction in the absence of oscillation (thick solid line) as well as the prediction for the best fit point for ν µ → ν s (thin solid line), ν µ → ν e (dashed line) and ν µ → ν τ (dotted line) channels.
The steps required in order to generate the allowed regions of oscillation parameters were described in Ref. [6] . The χ 2 is defined as
where I = (A, α) and J = (B, β) where, A, B stands for Fréjus, Kamiokande, IMB,... and α, β = e, µ. In Eq. ρ αβ (A, B) stands for the correlation between the α-like events in the A-type experiment and β-like events in B-type experiment, whereas σ α (A) and σ β (B) are the errors for the number of α and β-like events in A and B experiments, respectively. The computation of correlations and errors are described in the Refs. [6, 7] .
The following step is the minimization of the χ 2 function in Eq. (3) and the determination the allowed region in the sin 2 2θ − ∆m 2 plane, for a given confidence level, defined as χ 2 ≡ χ Allowed oscillation parameters for all experiments combined at 90 (thick solid line) and 99 % CL (thin solid line) for each oscillation channel as labeled in the figure. The best fit point is marked with a star.
The results of our χ 2 fit of the SuperKamiokande sub-GeV and multi-GeV atmospheric neutrino data can be appreciated in Ref. [6] . It is possible to see the discrimination power of atmospheric neutrino data looking for the predicted zenith angle distributions for the various oscillation channels. As an example we take the case of the Super-Kamiokande experiment and compare separately the sub-GeV and multi-GeV data with what is predicted in the case of no-oscillation and in all oscillation channels for the corresponding best fit points obtained for the combined sub and multi-GeV data analysis. This is shown in Fig. 1 .
I now turn to the comparison of the information obtained from the analysis of the atmospheric neutrino data with the results from reactor and accelerator experiments as well as the sensitivities of future experiments. For this purpose I present the results obtained by combining all the experimental atmospheric neutrino data from various experiments [2] [3] [4] . In Fig. 2 we show the combined information obtained from the analysis of all atmospheric neutrino data and compare it with the constraints from reactor experiments such as Krasnoyarsk, Bugey, and CHOOZ [8] , and the accelerator experiments such as CDHSW, CHORUS, and NOMAD [9] . We also include in the same figure the sensitivities that should be attained at the future long-baseline experiments now under discussion [10] .
To conclude we find that the regions of oscillation parameters obtained from the analysis of the atmospheric neutrino data cannot be fully tested by the LBL experiments, when the SuperKamiokande data are included in the fit for the ν µ → ν τ channel as can be seen clearly from the upper-left panel of Fig. 2 . One important point is that from the upper-right panel of Fig. 2 one sees that the CHOOZ reactor data already exclude completely the allowed region for the ν µ → ν e channel when all experiments are combined at 90% CL. For the sterile neutrino case most of the LBL experiments can not completely probe the region of oscillation parameters indicated by this analysis, even with ∆m 2 < 0 ( or with ∆m 2 > 0) respectively the lower-left panel (lower-right panel) in Fig. 2 .
